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METHOD OF RECYCLING BONDED FIBROUS MATERIALS AND SYNTHETIC 
FIBERS AND FIBER-LIKE MATERIALS PRODUCED THEREOF 



FIELD OF THE INVENTION 

The present invention relates to recycling techniques and 
the materials produced utilizing such techniques. 

BACKGROUND 

Paper and textile materials made entirely of natural 
fibers (e.g., animal or vegetable fibers) and/or cellulosic 
fibers (e.g., pulp fibers) are frequently recycled. Techniques 
to recycle these materials have been developed to break them 
down into fibers or fiber-like material and then reform the 
materials to provide paper and paper-like products. Natural 
fiber textiles and/or paper are dispersed in water by a 
pulping operation to create a slurry of individual fibers. The 
fibers may be cleaned and or treated to remove ink, adhesives 
or other contaminants. The treated fibers may be further 
refined and/or fractionated before being formed into a wet- 
laid web. In conventional recycling operations, synthetic 
materials are considered contaminants and are typically 
removed. The synthetic material may be present in the form of 
synthetic or manufactured fibers and/or filaments or in the 
form of adhesives, binders or the like. 

Woven and nonwoven fabrics composed partially or entirely 
of synthetic or manufactured fibers have generated problems 
for conventional processes focused on recycling natural and/or 
cellulosic fibers. In addition, high-strength natural and/or 
cellulosic fiber based fabrics that utilize adhesives, binders 
and/or mechanical entangling, such as hydraulic entangling, 
also provide problems for conventional recycling processes. 

These types of fabrics are generally difficult or 

impossible to disperse into individual fibers in a wet process 

such as a pulping operation. This is particularly apparent if 

the fabric is formed of synthetic fibers joined by thermal or 

adhesive bonding. In some cases, fiber or filament "ropes" may 

form. If the synthetic material is thermoplastic, mechanical 
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work from the processes used to break-up or shred the material 
may generate sufficient heat to cause the material to melt 
into unusable globs and clumps. 

Generally speaking, fabrics composed of synthetic 
5 materials or composites containing synthetic and natural 

materials are recycled utilizing one of two methods. In the 
first method, fabrics composed entirely of synthetic 
thermoplastic material are cleaned, melted and then extruded 
or formed into staple fibers, continuous filaments or films. 
10 If the fabric is a composite containing synthetic 

thermoplastic materials and natural (or non-thermoplastic 
fc ~g synthetic material) , the natural (or non-thermoplastic 

synthetic) materials must first be separated from the 
RJ thermoplastic materials before further processing. This is 

^ 15 often impractical because thermal, mechanical and/or adhesive 
S bonding between the components of the composite make 

jL separation difficult. Even if separation is possible, the 

ii 

H method requires multiple processing steps and energy to melt 

© 

a 'a and reform the material. While the resulting fibers, filaments 

G 20 or films may contain recycled materials, the fibers, filaments 
or films may be characterized as "manufactured" or "extruded" 
from recycled polymer feedstock. 

The second method involves mechanically breaking up a 
fabric into smaller pieces such as fiber bundles, threads 

25 and/or individual fibers. This is normally accomplished by 
mechanical tearing and shredding dry material. For example, 
International Application PCT/SE95/00938 states that it is 
known to mechanically shred dry nonwoven and textile waste and 
that dry mixed waste containing both synthetic and natural 

30 fibers may be used. According to PCT/SE95/00938 , a significant 
feature of shredding and tearing techniques is that the 
tearing or shredding operation is often incomplete so that 
recycled fibers are present partly in the form of discrete 
bits of the original fabric that may be characterized as 

35 "flocks" or fiber bundles. These flocks are described as 
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providing non-uniformities that give webs containing such 
flocks a textile-like appearance. 

Flocks and bits of fabric are difficult to process in 
subsequent operations such as, for example, a wet-laying 
5 process, air-laying process, hydraulic entangling process or 
other web-forming processes. Presence of these non- 
uniformities may reduce the value of the recycled fibers as 
well as degrade the appearance, strength, uniformity and other 
desirable properties of a web or fabric made with the recycled 
10 fibers. Removing the non-uniformities by screening or other 
techniques reduces the efficiency of the fiber recovery. 
q Additional dry mechanical chopping, shredding, tearing, 

garnetting or picking operations to reduce the fiber bundles 
y3 or flocks into fibers or fiber-like material having a length 

15 of less than 5 millimeters may be impractical. In addition, 

M s the additional mechanical work may transfer so much energy in 

O 

the form of heat that the dry material may melt into unusable 
clumps and may diminish or eliminate any environmental or 
economic advantages initially presented by recycling the 
20 material. 

While previous techniques may be of interest to those 
seeking to recycle thermoplastic material into polymer 
feedstock for reprocessing as well as those seeking to 
mechanically tear or shred dry waste fabrics into smaller 
25 pieces, they fail to address many existing needs. For example, 
previous techniques fail to address the need for a wet process 
to substantially isolate or individualize fibers and/or 
filaments from a textile or nonwoven fabric. As -another 
example, previous techniques fail to address the need for a 
30 wet process to produce usable fibers and fiber-like material 
from thermally bonded, adhesively bonded and/or mechanically 
entangled fabrics such as textiles and nonwoven webs. 

Previous techniques fail to address the need for a wet 
process to convert fabrics into individualized fibers and/or 
35 filaments having dimensions similar to cellulosic pulps and 
short natural fibers such as, for example, lengths less than 
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five millimeters. For example, previous techniques fail to 
address the need for a process to convert fabrics into 
individualized fibers and/or filaments having dimensions 
similar to conventional cellulosic pulps and short natural 
5 fibers such as, for example, lengths less than five 
millimeters . 

There is still a need for an inexpensive recycled fiber or 
fiber-like material that may be easily processed into a 
uniform sheet or web. For example, there is a need for an 
10 inexpensive recycled fiber or fiber-like material that may be 
processed into a uniform sheet or web utilizing conventional 
Q wet-forming or dry-forming techniques. This is also a need for 
a uniform sheet or web that may include at least a portion of 

^ an inexpensive recycled fiber or fiber-like material. 

i y 

jUlS There is also a need for a high strength sheet or wiper 

P that is able to quickly absorb several times its weight in 

W\ water, aqueous liquid or oil. A need exists for a sheet or 

!U wiper that contains an inexpensive recycled fiber or fiber- 

Q like material and which is able to quickly absorb several 

EE ~: 

!|ij20 times its weight in water, aqueous liquid or oil. A need 
M* exists for a sheet or wiper that contains an inexpensive 

recycled fiber or fiber-like material and that can be used as 
a wiper or as a fluid distribution layer and/pr absorbent 
component of an absorbent product. Meeting this need is 
25 important since it is both economically and environmentally 

desirable to substitute recycled fiber or fiber-like materials 
for high-quality virgin wood fiber pulp and/or new synthetic 
fibers or filaments and still provide a product that can be 
used as a wiper or as a fluid distribution layer and/or 
30 absorbent component of an absorbent product. 

SUMMARY OF THE INVENTION 

The problems identified above have been addressed by the 
35 present invention which is directed to a method of recycling 
bonded fibrous materials. The method includes the steps of: 



(a) providing pieces of bonded fibrous materials, the pieces 
having sizes that are adapted for suspension in a liquid; (b) 
suspending the discrete pieces of bonded fibrous materials in 
a liquid; (c) applying mechanical work to the liquid 
suspension of discrete pieces to generate hydraulic pressure 
and mechanical shear stress conditions sufficient to 
hydraulically fragment the bonded fibrous materials into 
fibers and fiber-like components; and (4) separating 
substantially individual fibers and fiber-like components 
from the liquid. 

Generally speaking, the pieces of bonded fibrous 
material may have a length ranging from about 10 to about 350 
millimeters and a width ranging from about 3 to about 70 
millimeters. More desirably, the pieces may have a length 
ranging from about 10 to about 100 millimeters and a width 
ranging from about 3 to about 20 millimeters. Importantly, 
the pieces should be sized so they can be suspended in a 
liquid such as water. It is contemplated that aqueous 
solutions, solvents, emulsions and the like may also be used. 

In an aspect of the invention, the step of providing 
discrete pieces of bonded fibrous materials include a process 
operation to reduce the size of unitary bonded fibrous 
materials such as large fabrics, textiles, webs and the like 
or large segments or scraps of such fabrics, textiles, webs, 
etc. into discrete pieces that are adapted for suspension in 
a liquid. The operation may be a conventional operation such 
as, for example, mechanical shredding, mechanical cutting, 
mechanical tearing, mechanical grinding, water jet cutting, 
laser cutting, garnetting and combinations thereof. 

In another aspect of the invention, the mechanical work 

may be applied to the liquid suspension utilizing a 

combination of blades mounted on a rotating roll and blades 

mounted on a fixed plate to generate areas of very high 

hydraulic pressure and mechanical shear stress. Such a 

combination may be found in equipment for processing fiber 

slurries such as, for example, beaters and refiners, that can 
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supply sufficient energy to the suspension to control fiber 
length under conditions that provide a high level of fiber t 
metal interaction . 

The blades may be mounted on the fixed plate that can be 
aligned at an angle in at least one dimension with respect t 
the direction or plane of rotation of the rotating blades. 
For example, the fixed blades may be mounted so they are at 
an angle of between about 5 degrees and 70 degrees to the 
direction or plane of rotation of the rotating blades. 
Desirably, the fixed blades may be mounted so they are at an 
angle of between about 15 and 55 degrees. More desirably, th 
fixed blades may be mounted so they are at an angle of 
between about 40 and 50 degrees. Even more desirably, the 
blades may be mounted so they are at an angle of about 45 
degrees . 

According to the present invention, the process may be 
set up so that the mechanical work is applied to the 
suspension in multiple stages. For example, the mechanical 
work may be applied to the suspension utilizing a first stag 
under conditions to generate hydraulic pressure and 
mechanical shear stress sufficient to wet the pieces of 
bonded fibrous materials and separate at least some portions 
of fibers and fiber-like components from the bonded 
materials. Then additional mechanical work may be applied 
utilizing a second stage under conditions to generate 
hydraulic pressure and mechanical shear stress conditions 
sufficient to rupture the bonded fibrous materials, fibers 
and fiber-like components into substantially individual 
fibers and fiber-like components. 

In an aspect of the invention, the clearance between the 

rotating blades and the fixed blades at the closest point 

during the first stage is between about 20 millimeters and 

about 100 millimeters. The clearance is between about 1 

millimeter (or as close as possible without metal to metal 

contact) and about 20 millimeters during the second stage. 

Desirably, the clearance between the rotating blades and the 
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fixed blades at the closest point during the first stage is 
between about 20 millimeters and about 50 millimeters and 
between about 1 millimeter and about 10 millimeters during 
the second stage . 
5 The consistency of the suspension, speed of rotation of 

the rotating roll and blades, dimensions of the blades, 
weight and/or pressure load against the rotating roll are 
variables that may be adjusted in order to control the 
clearance . 

10 According to the invention, the approximate amount of 

mechanical work applied to the liquid suspension may be 
greater than about 3 Horsepower - day (24 hours) per dry ton 
of bonded fibrous material - as determined by measuring the 
electric current drawn by the motor providing movement to the 
FU15 components generating hydraulic pressure and shear stress 
a, conditions. This number may be greater than 4 Horsepower - 

M day per ton and may be even greater than 6 or more. It is 

a 

contemplated that, in some situations or under some 
conditions, the approximate amount of mechanical work may be 
20 less than 3 Horsepower - day per dry ton of bonded fibrous 
^ material. 

The process of the present invention is practiced using 
bonded fibrous materials selected from woven fabrics, knitted 
fabrics, nonwoven webs and combinations thereof. Generally 
25 speaking, these nonwoven webs are webs that are thermally 
bonded, adhesively bonded, mechanically entangled, solvent 
bonded, hydraulically entangled and combinations thereof. 

The bonded fibrous materials can be composed of synthetic 
fibrous materials, natural fibrous materials and combinations 
30 thereof. The synthetic fibrous material may include 
thermoplastic fibers and filaments. 

According to an aspect of the invention, the bonded 
fibrous materials may be recycled into substantially 
individual fibers and fiber-like components having a 
35 relatively uniform length distribution. For example, the 

fiber and fiber-like material may have a length distribution 



that spans approximately 7 millimeters. Desirably, the fiber 
and fiber-like material may have a length distribution that 
spans approximately 5 millimeters. It is contemplated that 
the fiber and fiber-like material may have a length 
distribution that spans less than 5 millimeters, for example, 
from 2 to 4 millimeters. 

The present invention encompasses recycled synthetic 
fibers and fiber-like materials having at least one thread 
element composed of synthetic material having at least one 
irregular distortion generated by hydraulic fracture of the 
thread element to separate it from a bonded fibrous material 
while the bonded fibrous material is suspended in a liquid. 

The thread element may have a length ranging from about 1 
millimeter to about 15 millimeters. For example, the thread 
element may have a length ranging from about 1.5 to about 10 
millimeters. As another example, the thread element may have 
a length ranging from about 2 to about 5 millimeters. The 
thread element may have a diameter of less than 100 
micrometers. For example, the thread element may have a 
diameter of less than 30 micrometers. 

According to an aspect of the invention, the irregular 
distortions may be in the form of bends in the thread 
element, flattened segments of thread element, expanded 
segments of thread element and combinations thereof. 

Generally speaking, the irregular distortions cause the 
thread elements of the recycled materials to have greater 
surface area than thread elements in the bonded fibrous 
material prior to hydraulic fracture of the thread element to 
separate it from the bonded fibrous material. For example, 
the surface areas of the recycled thread elements are at 
least about 5 percent greater. 

In an embodiment of the invention, the recycled synthetic 

fibers and fiber-like materials may be a synthetic material 

that is a synthetic thermoplastic material. For example, the 

synthetic thermoplastic material may be a polyolefin such as 

polypropylene, polyethylene and combinations of the same. The 
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synthetic thermoplastic material may be in the form of 
multicomponent fibers, filaments, strands or the like and may 
include fiber and/or filaments having various cross-sectional 
shapes, lobes or other configurations. 

The present invention encompasses a nonwoven fibrous web 
comprising the recycled synthetic fibers and fiber-like 
material described above. The web may be formed utilizing 
various web forming processes such as wet forming or wet 
laying, dry forming, air-laying, foam forming and 
combinations thereof . 

The nonwoven fibrous web may further include non- 
recycled natural fibrous materials, non-recycled natural 
synthetic materials, recycled natural fibrous materials, 
particulate materials and combinations thereof. 

DEFINITIONS 

The term "machine direction" as used herein refers to the 
direction of travel of the forming surface onto which fibers 
are deposited during formation of a nonwoven web including, 
but not limited to spunbond webs, meltblown fiber webs, and 
paper . 

The term "cross-machine direction" as used herein refers 
to the direction that is perpendicular to the machine 
direction defined above. 

The term "pulp" as used herein refers to fibers from 
natural sources such as woody and non-woody plants. Woody 
plants include, for example, deciduous and coniferous trees. 
Non-woody plants include, for example, cotton, flax, esparto 
grass, milkweed, straw, jute, hemp, and bagasse. 

The term "average fiber length" as used herein refers to 

an average length of fibers, fiber bundles and/or fiber-like 

materials determined by measurement utilizing microscopic 

techniques. A sample of at least 20 randomly selected fibers 

is separated from a liquid suspension of fibers. The fibers 

are set up on a microscope slide prepared to suspend the 
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fibers in water. A tinting dye is added to the suspended 
fibers to color cellulose-containing fibers so they may be 
distinguished or separated from synthetic fibers. The slide is 
placed under a Fisher Stereomaster II Microscope S19642/S19643 
Series. Measurements of 20 fibers in the sample are made at 
20X linear magnification utilizing a 0-20 mils scale and an 
average length, minimum and maximum length, and a deviation or 
coefficient of variation are calculated. In some cases, the 
average fiber length will be weighted average length of fibers 
(e.g., fibers, fiber bundles, fiber-like materials) determined 
by equipment such as, for example, a Kajaani fiber analyzer 
model No. FS-200 available from Kajaani Oy Electronics, 
Kajaani, Finland. According to a standard test procedure, a 
sample is treated with a macerating liquid to ensure that no 
fiber bundles or shives are present. Each sample is 
disintegrated into hot water and diluted to an approximately 
0.001% suspension. Individual test samples are drawn in 
approximately 50 to 100 ml portions from the dilute suspension 
when tested using the standard Kajaani fiber analysis test 
procedure. The weighted average fiber length may be an 
arithmetic average, a length weighted average or a weight 
weighted average and may be expressed by the following 
equation: 

k 

2 (x ± * n ± )/n 

xi=0 

where k = maximum fiber length 
xi = fiber length 

n± = number of fibers having length xi 

n = total number of fibers measured. 
One characteristic of the average fiber length data measured 
by the Kajaani fiber analyzer is that it does not discriminate 
between different types of fibers. Thus, the average length 
represents an average based on lengths of all different types, 
if any, of fibers in the sample. 
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As used herein, the term "spunbonded filaments" refers to 
small diameter continuous filaments which are formed by 
extruding a molten thermoplastic material as filaments from a 
plurality of fine, usually circular, capillaries of a 
5 spinneret with the diameter of the extruded filaments then 
being rapidly reduced as by, for example, eductive drawing 
and/or other well-known spun-bonding mechanisms. The 
production of spun-bonded nonwoven webs is illustrated in 
patents such as, for example, in U.S. Patent No. 4,340,563 to 
10 Appel et al., and U.S. Patent No. 3,692,618 to Dorschner et 

al. The disclosures of these patents are hereby incorporated 
by reference. 



g 

As used herein, the term "meltblown fibers" means fibers 



ijy formed by extruding a molten thermoplastic material through a 

15 plurality of fine, usually circular, die capillaries as molten 

□ threads or filaments into a high velocity gas (e.g. air) 

s _ stream which attenuates the filaments of molten thermoplastic 

Mi material to reduce their diameter, which may be to microfiber 

?Z diameter. Thereafter, the meltblown fibers are carried by the 

01 

p20 high velocity gas stream and are deposited on a collecting 
83=5 surface to form a web of randomly disbursed meltblown fibers. 

Such a process is disclosed, for example, in U.S. Patent No. 
3,849,241 to Butin, the disclosure of which is hereby 
incorporated by reference. 

25 As used herein, the term "microf ibers" means small 

diameter fibers having an average diameter not greater than 
about 100 microns, for example, having a diameter of from 
about 0.5 microns to about 50 microns, more particularly, 
microfibers may have an average diameter of from about 4 

30 microns to about 4 0 microns. 

As used herein, the term "thermoplastic material" refers 
to a high polymer that softens when exposed to heat and 
returns to generally its un-softened state when cooled to room 
temperature. Natural substances which exhibit this behavior 

35 are crude rubber and a number of waxes. Other exemplary 

thermoplastic materials include, without limitation, polyvinyl 
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chlorides, some polyesters, polyamides, polyf luorocarbons, 
polyolefins, some polyurethanes, polystyrenes, polyvinyl 
alcohols, caprolactams, copolymers of ethylene and at least 
one vinyl monomer (e.g., poly (ethylene vinyl acetates), 
copolymers of ethylene and n-butyl acrylate (e.g., ethylene 
n-butyl acrylates) , and acrylic resins. 

As used herein, the term "non-thermoplastic material" 
refers to any material which does not fall within the 
definition of "thermoplastic material," above. 



BRIEF DESCRIPTION OF THE DRAWINGS 
_ FIG. 1 is a schematic representation of an exemplary 

process for shredding a bonded fibrous material. 

y3 

y3 FIG. 2 is a schematic representation of an exemplary 

pJl5 process for hydraulically fragmenting shredded pieces of a 

bonded fibrous material. 
^ FIG. 2A is a detail of the exemplary process shown in 

si 

M* FIG. 2. 

^ FIG. 3 is a photomicrograph of a detail of an exemplary 

Ifl 20 recycled synthetic fiber. 

O 

;T FIG. 4 is a photomicrograph of a detail of an exemplary 

H 1 

virgin synthetic staple fiber. 

FIG. 5 is a photomicrograph of a detail of an exemplary 
recycled synthetic fiber. 
25 FIG. 6 is a photomicrograph of a detail of an exemplary 

recycled synthetic fiber. 

FIG. 7 is a photomicrograph of a detail of an exemplary 
recycled synthetic fiber. 

FIG. 8 is a photomicrograph of a detail of an exemplary 
30 recycled synthetic fiber. 

FIG. 9 is a photomicrograph of a detail of an exemplary 
virgin synthetic staple fiber. 

FIG. 10 is a photomicrograph of a detail of multiple 
exemplary recycled synthetic fibers. 
35 FIG. 11 is a photomicrograph of a detail of an exemplary 

recycled synthetic fiber. 
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FIG. 12 is a photomicrograph showing details of exemplary 
recycled synthetic fibers . 

FIG. 13 is a photomicrograph showing details of exemplary 
recycled synthetic fibers. 

FIG. 14 is a photomicrograph showing details of exemplary 
recycled synthetic fibers. 

DESCRIPTION OF THE INVENTION 

The present invention is directed to a method of 
recycling bonded fibrous materials into substantially 
individual fibers and fiber-like materials. The method of the 
present invention may be practiced utilizing bonded fibrous 
materials that include synthetic fibers. The process of the 
present invention may be practiced using bonded fibrous 
materials such as, for example, woven fabrics, knitted 
fabrics, nonwoven webs and combinations thereof. Generally 
speaking, bonded fibrous materials in the form of nonwoven 
webs are webs that are thermally bonded, adhesively bonded, 
mechanically entangled, solvent bonded, hydraulically 
entangled and/or combinations of such techniques. 

The bonded fibrous materials can be composed of synthetic 
fibrous materials, natural fibrous materials and combinations 
thereof. The synthetic fibrous material may include 
thermoplastic fibers and filaments. 

The method includes the steps of: (a) providing pieces of 
bonded fibrous materials, the pieces having sizes that are 
adapted for suspension in a liquid; (b) suspending the 
discrete pieces of bonded fibrous materials in a liquid; (c) 
applying mechanical work to the liquid suspension of discrete 
pieces to generate hydraulic pressure and mechanical shear 
stress conditions sufficient to hydraulically fragment the 
bonded fibrous materials into fibers and fiber-like 
components; and (4) separating substantially individual 
fibers and fiber-like components from the liquid. 

According to the invention, the step of providing 
discrete pieces of bonded fibrous materials may be in the 
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form of a conventional operation such as, for example, 
mechanical shredding, mechanical cutting, mechanical tearing, 
mechanical grinding, water jet cutting, laser cutting, 
garnetting and combinations thereof. 
5 Referring now to FIG. 1, there is shown an exemplary 

mechanical shredding operation 10. The shredding machine 
includes a knife roll 12 having a series of knife blades 14. 
The roll 12 rotates generally in the direction of the arrow 
associated therewith. The knife blades 14 are desirably 
10 mounted at an angle or inclination to the centerline of the 

roll to create a "scissors-cut" action as the knife blades 14 
come in contact with a fixed knife 16. A press roll 18 may be 
used in combination with a belt conveyor 20 to feed material. 

Cj The speeds of the conveyor 20 and the knife roll 12 may be 

fyl5 set independently to control the size of the pieces produced 
by the operation. Of course, other types of shredding 

Q equipment may be used. For example, "bear-claw" type 

shredders that utilize teeth or bits that rip and tear the 
bonded fibrous material are satisfactory. 

jjq20 Generally speaking, the pieces of bonded fibrous 

Q material may have a length ranging from about 10 to about 350 

u 

millimeters and a width ranging from about 3 to about 70 
millimeters. Importantly, the pieces should be sized so they 
can be suspended in a liquid such as water. It is 
25 contemplated that the liquid may, in some cases, be an 
aqueous solution, and may include additives such as 
surfactants, treatments, dyes, caustics, solvents, emulsions 
and the like. 

According to the invention, mechanical work is applied to 

30 the liquid suspension at levels that generate conditions of 

hydraulic pressure and shear stress sufficient to fragment, 

rupture, rupture, burst or disintegrate pieces of bonded 

fibrous materials into useful free fibers and fiber bundles 

or fiber-like materials. Generally speaking, process 

35 conditions used to convert the shredded material to recycled 

fibers are more aggressive and stringent than those found in 
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conventional pulping operations. These conditions include 
passing the shredded pieces through a zone of increasing high 
hydraulic pressure and high mechanical shear stress. 

As an example, normal pulping operations typically use 
5 less than about 3 horsepower-day (24 hours) per dry ton of 
material. Embodiments of the present invention may utilize 
much larger inputs of energy. For example, the method of the 
invention may be practiced utilizing 35% more energy; 50% 
percent more energy, or even more to separate useful free 
10 fibers and fiber bundles from the bonded fibrous material. 

Although the inventors should not be held to a particular 
theory of operation, it is believed that the combination of 
hydraulic pressure and shear stress breaks up the material 
jp t into free fibers and fiber bundles. It is also thought that 

fy 15 the content of free fibers and the average size of the 
jU bundles can be controlled by varying the pressure and 

^ mechanical stress. It is generally thought that this high 

m level of mechanical action or work is possible without 

causing significant degradation of the synthetic components 
|jr| 20 of the bonded fibrous materials (e.g., without melting 

synthetic thermoplastic material) because the water/liquid in 
the process absorbs the heat generated as free fibers and 
fiber-like materials are separated from the bonded fibrous 
material . 

25 Generally speaking, conventional beating and/or refining 

equipment is used to modify cellulose fibers to develop 
papermaking properties of hydration and fibrillation. 
According to the present invention, conventional beaters 
and/or refiners may be configured or operated in an 

30 unconventional manner to provide the hydraulic pressure and 
shear stress conditions sufficient to fragment and fracture 
the bonded fibrous material into free fibers, fiber bundles 
and fiber-like materials. 

Exemplary beater devices are available from manufacturers 

35 such as Beloit Jones, E. D. Jones, Valley, and Noble & Wood. 

Referring now to FIGS. 2 and 2A of the drawings, there is 
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shown an exemplary Hollander-type beater device 30 that may 
be used in the practice of the present invention. The beater 
includes an oval vat 32 with a central wall 34 and a cylinder 
roll 36 equipped with blades or vanes 38 that moved past a 
second set of blades 40 mounted on a platen or fixed plate 
42. The blades 40 may be mounted on the fixed plate so that 
they can be aligned at an angle in at least one dimension 

with respect to the direction or plane of rotation "R" of the 
rotating blades 38. For example, the fixed blades 40 may be 
mounted so they are at an angle of between about 5 degrees 
and 70 degrees to the direction or plane of rotation "R" of 

the rotating blades 38. As another example, the fixed blades 
may be mounted so they are at an angle of between about 15 
and 55 degrees, between about 40 and 50 degrees, or even 
about 45 degrees. 

A liquid suspension of bonded fibrous material pieces is 
introduced into the beater device. Alternatively and/or 
additionally, bonded fibrous material pieces may be 
introduced directly into liquid in the beater vat. Various 
proportions of bonded fibrous materials and water may be used 
and appropriate proportions may be determined by one of skill 
in the art. 

During operation, the cylinder roll 36 is rotated so that 
sufficient hydraulic pressure and shear stress is produced 
between the blades or vanes 38 and the blades 40 mounted on 
the fixed plate. One exemplary cylinder roll had a diameter 
of 72 inches, a width of 72 inches, 192 blades each having a 
length of 72 inches and spaced one-half inch apart. Such a 
roll weighed approximately 16 tons. Generally speaking, the 
speed of rotation is constant and the variable that is 
modified is the pressure or load on the roll. The roll is 
mounted such that a gauge pressure reading of 0 psi 
corresponds to very little or no portion of the weight of the 
roll (-0 tons) counteracting the pressure generated by fibers 
and pieces of bonded fibrous material as they are squeezed 
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through the gap existing between the blades at the bottom of 
the rotating roll and the fixed blades mounted underneath the 
roll. A gauge pressure reading of 50 psi corresponds to 
approximately one-half of the weight of the roll (-8 tons) 
5 counteracting the pressure generated by fibers and pieces of 
bonded fibrous material as they squeeze through the gap 
between the blades at the bottom of the rotating roll and the 
fixed blades mounted underneath the roll. A gauge pressure 
reading of 100 psi corresponds to approximately the full 
10 weight of the roll (-16 tons) counteracting the pressure 

generated by fibers and pieces of bonded fibrous material as 
they squeeze through the gap existing between the blades at 

G 

the bottom of the rotating roll and the fixed blades mounted 

underneath the roll. 
PLJ 15 Rotation speed, consistency of the suspension in the vat 

fT and clearance between the rotating blades or vanes 38 and the 

Q fixed blades 40 is also adjusted to conditions that enhance 

.jy, "metal to fiber" interaction that cuts or controls the length 

M 1 of free fibers, fiber bundles and fiber-like particles. The 

o 

3^.20 term "metal to fiber" interaction is used to describe the 
D contact between the bonded fibrous material and the fixed 

and/or rotating blades that may occur under conditions of 
hydraulic pressure and mechanical shear stress sufficient to 
sever, cut or break long fibers. According to the invention, 
25 this interaction should be controlled to cut long fibers 

without materially affecting or lowering the length and/or 
freeness of pulp or short fibers that may be present in the 
suspension. For example, operating equipment utilizing lower 
than conventional consistencies, larger blade dimensions, 
30 closer tolerances between rotating blades and fixed blades, 
and/or higher rotational speeds may enhance "metal to fiber" 
interaction. Generally speaking, the present invention 
utilizes operating conditions and/or equipment that provide 
large numbers of working edges to act on the suspended fiber 
35 instead of utilizing primarily "fiber to fiber" interaction. 

17 



The method of the present invention provides a technique 
to recycled bonded fibrous materials into substantially 
individual fibers and fiber-like components having a 
relatively low average length and a relatively uniform 
average length distribution. 

While the method of the present invention may be operated 
to provide fibers, fiber bundles and fiber-like materials 
having wide range of lengths, it may also be used to generate 
fiber and fiber-like material having an average length 
distribution that spans approximately 7 millimeters or less. 

In addition to controlling length, some "metal to fiber" 
interaction may generate deformations and distortions of 
synthetic components of the bonded fibrous material. While 
some deformations and distortions may be generated by 
hydraulic fragmentation of the bonded fibrous material others 
may be generated by tearing, slicing and breaking of fiber 
and/or filaments. 

Referring now to FIGS. 3, 5-8, and 10-14, there is shown 
various exemplary recycled synthetic fibers, fiber bundles 
and/or fiber-like materials having at least one thread 
element composed of synthetic material having at least one 
irregular distortion generated by hydraulic fracture of the 
thread element to separate it from a bonded fibrous material 
while the bonded fibrous material is suspended in a liquid. 

The thread element may have a length ranging from about 1 
millimeter to about 15 millimeters. For example, the thread 
element may have a length ranging from about 1.5 to about 10 
millimeters. As another example, the thread element may have 
a length ranging from about 2 to about 5 millimeters. The 
thread element may have a diameter of less than 100 
micrometers. For example, the thread element may have a 
diameter of less than 30 micrometers. Generally speaking, 
these dimensions are similar to certain varieties of 
commercially available pulps and may be readily blended with 
commercial pulps. In some embodiments of the invention, the 
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thread elements may have a diameter of less than 10 microns 
and may even be less than 1 micron. 

According to an aspect of the invention, the irregular 
distortions may be in the form of bends in the thread 
5 element, flattened segments of thread element, expanded 
segments of thread element and combinations thereof. 

Generally speaking, the irregular distortions cause the 
thread elements of the recycled materials to have greater 
surface area than thread elements in the bonded fibrous 
10 material prior to hydraulic fracture of the thread element to 
separate it from the bonded fibrous material. For example, 
the surface areas of the recycled thread elements may be at 
O least about 5 percent greater. 

[1 FIG. 3 is a photomicrograph (approximately 500X linear 

Jl5 magnification) showing a detail of an exemplary recycled 
synthetic fiber. The recycled fiber was recovered from a 
£ composite structure containing a thermally point bonded 
f continuous polypropylene filament web and pulp fibers 
ft hydraulically entangled with the continuous filament web. The 
O20 fiber visible in the center of the photomicrograph is a 
J5 polypropylene thread element having bends in the filaments 
S and a relatively flattened segment. At least a portion of 
these distortions are generated or exposed by hydraulic 
fracture of the thread element from the bonded fibrous 
25 material (i.e., the composite structure). The material 
surrounding the thread element is cellulose pulp. 

FIG. 4 is a photomicrograph (approximately 500X linear 
magnification) showing conventional polypropylene staple 
fibers appearing in a conventional bonded carded web 
30 structure. In contrast to the thread elements of FIG. 3, 

these fibers appear relatively free of irregular distortions. 
The fibers have relatively smooth surfaces, even or uniform 
diameters, and lack the twists, bends and other irregular 
distortions that are evident in the thread element shown in 
35 FIG. 3. 
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FIG. 5 is a photomicrograph (approximately 120X linear 
magnification) showing a detail of an exemplary recycled 
synthetic fiber recovered from the same type of composite 
structure as the thread element shown in FIG. 3. The fiber 
5 visible across the central region of the photomicrograph is a 
polypropylene thread element that exhibits a loop and bends 
as well as relatively flattened segments. At least a portion 
of these distortions are generated or exposed by hydraulic 
fracture of the thread element from the bonded fibrous 
10 material (i.e., the composite structure). The material 
surrounding the thread element is cellulose pulp. 

FIG. 6 is a photomicrograph (approximately 120X linear 
^ magnification) showing a detail of an exemplary recycled 

y3 synthetic fiber recovered from the same type of composite 

15 structure as the thread element shown in FIG. 3. The fiber 
H 1 visible in the center of the photomicrograph is a 

g polypropylene thread element. The arrow in the 

f photomicrograph points to a sharp bend in the thread element. 

FIG. 7 is a photomicrograph (approximately 500X linear 

20 magnification) showing a detail of an exemplary recycled 

p synthetic fiber recovered from the same type of composite 

structure as the thread element shown in FIG. 3. The fiber 

visible in the center of the photomicrograph is a 

polypropylene thread element that exhibits bends as well as a 

25 roughened segment . 

FIG. 8 is a photomicrograph (approximately 500X linear 

magnification) showing a detail of an exemplary recycled 

synthetic fiber recovered from the same type of composite 

structure as the thread element shown in FIG. 3. The fiber 

30 visible across the center of the photomicrograph is a 

polypropylene thread element showing a cut end of the fiber 

that is flattened and expanded. 

FIG. 9 is a photomicrograph (approximately 500X linear 

magnification) showing a detail of a conventional 

35 polypropylene staple fiber. In contrast to the thread 

element of FIG. 8, the fiber appears relatively free of 
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irregular distortions and has an end that appears to be cut 
cleanly without evidence of expansion or other distortion. 

FIG. 10 is a photomicrograph (approximately 250X linear 
magnification) showing a detail of two exemplary recycled 
5 synthetic fibers recovered from the same type of composite 
structure as the thread element shown in FIG. 3. The fibers 
visible across the center and near the lower portion of the 
photomicrograph are polypropylene thread elements that 
exhibit bends as well as roughened segments. 
10 FIG. 11 is a photomicrograph (approximately 500X linear 

magnification) showing a detail of exemplary recycled 
synthetic fibers. The recycled fibers were recovered from 
Kimtex® brand wiper containing thermally point-bonded web of 

polypropylene meltblown fibers. The relatively fine meltblown 

&j 

TU 15 fibers visible in the center of the photomicrograph are 

u 

T. polypropylene thread elements having bends, twists, tangles 

O and relatively flattened segments. At least a portion of 

these distortions are generated or exposed by hydraulic 
M; fracture of the thread elements from the bonded fibrous 

IH 20 material (i.e., the Kimtex® wiper). The material surrounding 
S the thread elements is cellulose pulp. 

FIG. 12 is a photomicrograph (approximately 100X linear 
magnification) showing a detail of exemplary recycled 
synthetic fibers recovered from the same type of material as 
25 the thread elements shown in FIG. 11. A bond point 

approximately 500 micrometers in length is visible in the 
center of the photomicrograph. Fibers radiate outward from 
the edges of the bond point in the form of polypropylene 
thread elements having bends, twists, tangles and relatively 
30 flattened segments. At least a portion of these distortions 
are generated or exposed by hydraulic fracture of the thread 
elements from the bonded fibrous material. Some of the 
material in the background of the thread elements is 
cellulose pulp. 

35 FIG. 13 is a photomicrograph (approximately 500X linear 

magnification) showing a detail of exemplary recycled 
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synthetic fibers recovered from the same type of material as 
the thread elements shown in FIG. 11. A larger fiber-like 
material or fiber bundle is approximately 40 micrometers in 
width is visible in the center of the photomicrograph. Fibers 
surround and radiate outward from the edges of the fiber-like 
material or fiber bundle in the form of polypropylene thread 
elements having bends, twists, tangles and relatively 
flattened segments. At least a portion of these distortions 
are generated or exposed by hydraulic fracture of the thread 
elements from the bonded fibrous material. The larger fibrous 
materials near the thread elements are cellulose pulp fibers. 

FIG. 14 is a photomicrograph (approximately 500X linear 
magnification) showing a detail of exemplary recycled 
synthetic fibers recovered from the same type of material as 
the thread elements shown in FIG. 11. A mix of cellulose pulp 
and recycled fibers in the form of polypropylene thread 
elements having bends, twists, tangles and relatively 
flattened segments is shown. 

In an embodiment of the method of the present invention, 
mechanical work may be applied to a suspension of cut or 
shredded pieces of bonded fibrous material in multiple 
stages. As an example, mechanical work may be applied to a 
suspension of pieces of bonded fibrous material utilizing a 
Hollander-type beater or similar device under conditions to 
wet the pieces of bonded fibrous materials and separate at 
least some portions of fibers and fiber-like components from 
the bonded materials. In some situations, bonded fibrous 
materials containing a mix of natural and synthetic fibers 
and/or very short and very long fibers (e.g., pulp fibers and 
continuous synthetic filaments) may be partially or 
substantially separated in one or more initial treatment 
stages . 

After such treatment, the short and longer fiber/filament 

streams may be separated. If a Hollander-type beater is used 

to carry out the first stages or stages of treatment, the gap 

or clearance between the rotating blades and the fixed blades 
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may be sufficiently large to enhance "fiber to fiber" or 
"fibrous material to fibrous material" interaction rather 
than "metal to fiber" interaction. As an example, under 
conventional conditions the clearance between the rotating 
5 blades and fixed blades may be between about 20 millimeters 
and about 100 millimeters. It is contemplated that other 
variables such as consistency of the suspension, speed of 
beater roll rotation and/or pressure load applied to the 
beater roll may also be adjusted to enhance treatment in the 
10 first stage (or stages). 

In a second stage, additional mechanical work may be 
applied under conditions to generate hydraulic pressure and 
O mechanical shear stress conditions sufficient to rupture the 
,f% bonded fibrous materials, fibers and fiber-like components 
^15 into substantially individual fibers and fiber-like 

ru 

m components. If a Hollander-type beater is used to carry out 

^ the second stage (or second stages) of treatment, the gap or 

si clearance between the rotating blades and the fixed blades 

f7 will desirably be sufficiently small to enhance "metal to 

|eeSs 

□20 fiber" or "metal to fibrous material" interaction that can 

occur under conditions of hydraulic pressure and mechanical 
H* shear stress to sever, cut or break long fibers (i.e., long 

synthetic fibers) without materially affecting or lowering 
the length and/or freeness of pulp or short fibers that may 
25 be present in the suspension. As an example, the clearance 
may be between about 1 millimeter (or as close as possible 
without "metal to metal" contact) and about 20 millimeters. 
It is contemplated that other variables such as consistency 
of the suspension, speed of beater roll rotation and/or 
30 pressure load applied to the beater roll may also be adjusted 
to enhance treatment in the second stage (or stages) . 

According to the invention, the amount of mechanical work 
applied to the liquid suspension is greater than about 3 
Horsepower - day (24 hours) per dry ton of bonded fibrous 
35 material. This number may desirably be greater than 6 
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Horsepower - day per ton and may be in the range of 10 to 
about 15 for many exemplary materials. 

After the liquid suspension is treated and the bonded 
fibrous material is hydraulically fragmented into free 
fibers, fiber bundles and fiber-like materials, these 
materials may then be introduced into the furnish stream of a 
wet forming process, or they can be wet lapped for later use, 
or they can be dried for dry forming processes. It is 
contemplated that the fiber stream may be screened to removed 
large pieces, flock and the like. 

Generally speaking, bonded scrap or waste materials 
containing synthetic fibers can be recycled into free fibers, 
and fiber-like materials that can have increased surface area 
and may be processed to have a controlled fiber length. 
Fibers recycled according to the present invention are 
thought to provide better retention in wet-forming processes 
and with sufficient quantity, can improve the mechanical and 
absorbent properties when incorporated into fibrous webs. In 
addition recycled high surface area fibers offer a 
significant cost advantage over virgin synthetic staple 
fibers. Using materials that have been previously formed 
into fiber networks, then bursting them apart as described 
above results in fibers and fiber-like materials that 
generally have increased surface area. This surface area 
results from the breaking the networks into small segments 
that still have bond points, bends, twists, curls, open 
layers of fibers, and flat areas as shown in the various 
photomicrographs described above. 

In addition, the fiber length is controlled by the same 
mechanical work created during the bursting process. 
Controlling the length of the fiber will allow them to be 
used in a number of web forming processes such as wet 
forming, dry forming, foam forming. For example, by 
controlling the synthetic fiber length to that of wood pulp 
fibers, recycled material can be reintroduced into virgin 
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wood pulp furnishes without affecting the handling or 
processing properties of the furnish. 

EXAMPLE 1 

This example relates to recycling a bonded and entangled 
composite material containing natural fibers and synthetic 
filaments. A composite hydraulically entangled material 
containing virgin wood pulp and a continuous web of bonded 
synthetic polypropylene filaments (approximately 20 percent, 
by weight) (i.e., a spunbond continuous filament web) - 
available from the Kimberly-Clark Corporation, Roswell, 
Georgia under the trademarks WORKHORSE® and HYDROKNIT® fast 
absorbing materials - was shredded into pieces ranging from 
about 10 - 350mm in length and 3 - 70mm in width. The 
composite contained approximately 80% by weight and about 20 
percent, by weight, polypropylene filaments. The material was 
shredded utilizing a shredder available from the East Chicago 
Machine Tool Company of East Chicago, IN. The pieces were 
transferred to a conventional Hollander-type industrial 
beater manufactured by E.D. Jones & Sons, Pittsfield, MA. 
The beater was a "Number 3 Jones Beating Unit" equipped with 
a 45 degree diagonal bed plate. The beater had a rotating 
roll with blades or vanes generally aligned on the roll as 
shown in FIG. 2A. The blades or vanes were approximately 1/4 
inch (-6 mm) wide, approximately 1/2 inch (-12 to 13 mm) 
high. These were spaced approximately 1/2 inch (-12 to 13 mm) 
apart on the exterior of the roll perpendicular to the 
direction or plane of rotation. A fixed plate was mounted 
just below the rotating roll and was equipped with blades or 
"knives" that were approximately 1/8 inch (-3mm) wide, 1/4 
inch (-6 mm) high, spaced approximately 3/8 inches (-9 to 10 
mm) apart. These were aligned at an angle of 45 degrees to 
the direction or plane of rotation generally as show in FIG 
2A. 

Water was added to the shredded material and 
hydraulic pressure and shear stress was applied to the 
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material in the Hollander-type beater in two stages. 
Hydraulic pressure and shear stress was controlled by 
adjusting the load on the roll as it rotated. In this 
particular arrangement, hydraulic pressure and shear stress 
is generated by a "paddle wheel" type pumping action produced 
when the beater roll rotates and its attached blades or vanes 
force liquid and wet material against a fixed plate with 
blades mounted diagonally to the direction or plane of 
rotation. Generally speaking, a greater load applied to the 
rotating roll produces less clearance between the rotating 
roll and the fixed plate. This corresponds to greater levels 
of hydraulic pressure and shear stress. 

During the first stage, the pressure or load against the 
rotating roll was 0 pounds per square inch (psi) for 10 
minutes. Essentially, no load was applied and the "paddle 
wheel" action of the rotating roll squeezed the pieces in the 
suspension through a gap of about 1 cm or more between blades 
of the rotating roll and blades mounted on the fixed plate. 
Generally speaking, the first stage was used to wet the 
shredded material and separate the natural fibers from the 
synthetic fibers. The consistency was adjusted to be about 
3.3 percent (the percentage by weight of air or oven dry 
fibrous material in the suspension) . 

During the second stage, conditions were adjusted to 
establish small zones of very high hydraulic pressure and 
shear stress between the moving blades on the rotating roll 
and fixed blades near or at their closest point of contact. 
These small zones are thought to generate a micro-bursting 
action on the shredded bonded fibrous material to 
hydraulically fragment and/or blow apart and reduce the 
resulting synthetic fiber length. In addition, the hydraulic 
fragmentation and "metal to fiber" or "metal to bonded 
fibrous material" contact alters the length of the longer 
synthetic filaments so they have the same length as the 
natural (i.e., pulp) fibers ranging from about 0.8 to about 
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3.5 mm without materially lowering the length or freeness of 
pulp fibers that may be present in the suspension. 

In the second stage, pressure on the gauge for the 
rotating roll was increased to 50 psi and the clearance 
5 between the blades of the rotating roll and the fixed plates 
decreased to between 1 and 10 mm and the approximately one- 
half of the weight of the 16 ton roll (-8 tons) was available 
to counteract the pressure generated by pieces as they were 
squeezed through the gap between the roll and the fixed 
10 plate. These conditions were maintained for 50 minutes. 

After treatment, free fiber, fiber bundles and fiber-like 
_ materials were separated from the suspension. Samples were 
y3 examined microscopically and natural or pulp fibers were 
^jr separated and measured separately from the synthetic fibers. 

ftJ15 In this example, average fiber length was determined as 
; c previously described - by manually separating a random sample 

Q of 20 synthetic fibers and 20 pulp fibers, measuring the 

length of individual fibers utilizing a microscope, and then 

h* calculating an average length. The resulting recycled fibers 

iH 

[fj20 and fiber-like materials had the following characteristics: 

ten? 

o The average length of the synthetic fiber was 

approximately the same length as the wood pulp fibers. 
Average length of the synthetic fibers was 3.78 mm. The 

25 length of individual fibers in the sample ranged from 1.65 

to 5.33 mm. It should be noted that, prior to processing, 
the synthetic fibers initially were substantially 
continuous polypropylene filaments having indeterminate 
lengths or lengths at least far exceeding 5.33 mm. The 

30 average fiber length for the pulp component was 2.7 mm. 

The length of individual pulp fibers in the sample ranged 
from 1.35 to 3.81 mm. Measurements taken with a Kajaani 
FS-200 fiber analyzer indicated an arithmetic average 
length of 0.76 mm; a length weighted average length of 

35 1.72 mm; and a weight weighted average length of 2.40 mm. 
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o The wood pulp fiber freeness shows a slight reduction 

(approximately 10 percent - from about 8 60 mL to about 760 
mL) indicating that some additional surface area was 
developed on the wood pulp fiber component of the 
composite. However the fiber length was unaffected. 

o The synthetic fibers have increased or higher surface area 
as a result of the remaining fiber bond areas, cross 
overs, and flat areas. 

EXAMPLE 2 

In this example, recycled fibers were prepared from the same 
composite hydraulically entangled material containing virgin 
wood pulp and a continuous web of bonded synthetic 
polypropylene filaments (i.e., Workhorse® and Hydroknit® fast 
absorbing materials) utilizing the method set forth in 
Example 1. The fiber lengths were controlled to be between 1 
and 5mm. A suspension of the recycled fibers was blended 
inline with a mixture of 60 percent, by weight, hardwood 
kraft pulp (eucalyptus) and 40 percent, by weight, softwood 
kraft pulp (radiata pine) at a level of 5% by dry weight. 

The furnish was formed into a wet sheet having a basis 
weight of 160 grams per square meter (gsm) using a 
conventional writing paper manufacturing process and then 
dried to a final product. The resulting product was compared 
to a control material prepared under the same conditions 
using the same virgin pulp materials but with no added 
recycled materials. These results are shown in Table 1 
below : 
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TABLE 1 



PROPERTIES 


Test Method 


Product 
Without 
Recycled 
Material 
(CONTROL) 


Product With 
5% Recycled 
Material 


Basis Wt 


TAPPI - T410 


163 gsm 


161.8 gsm 


Thickness 


TAPPI - T411 


8.3 mils 


8.4 mils 


Roughness FS 


TAPPI - T538 


198 Sheff. 


164 Sheff. 


Roughness WS 


TAPPI - T538 


150 Sheff. 


145 Sheff. 


Porosity 


TAPPI - T489 


94 Sheff. 


71 Sheff. 


Opacity 


TAPPI - T425 


98.3 % 


84.4 % 


Tensile MD 


TAPPI - T494 


12285 
g/15mm 


12155 
g/15mm 


Tensile CD 


TAPPI - T494 


9127 
g/15mm 


8237 g/15mm 


Elongation MD 


TAPPI - T404 


1.0 % 


1.0 % 


Elongation CD 


TAPPI - T404 


1.4 % 


2.1 % 


Bursting strength 


TAPPI - T403 


51.2 psi 


54.2 psi 


Dry Tear MD 


TAPPI - T414 


140 g 


144 g 


Dry Tear CD 


TAPPI - T414 


156 g 


148 g 


Folding endurance 
MD 


TAPPI - T511 


73 cycles 


115. 5 

cycles 


Folding endurance 
CD 


TAPPI - T511 


59.5 

cycles 


61 . 5 cycles 


Stiffness MD 


TAPPI - T489 


20.9 T.U. 


21.0 T.U. 


Stiffness CD 


TAPPI - T489 


12 . 6 T.U. 


12. 6 T.U. 


Dennison FS 


TAPPI - T459 


18 


18 


Dennison WS 


TAPPI - T459 


18 


18 


PH 


TAPPI - T509 


8.7 


8.7 


Freeness 


TAPPI - T227 


670 mL 


650 mL 


F.L.I. 


TAPPI - T232 


5.7 


3.2 


Color L* 


TAPPI - T527 


92.54 


92.71 


Color a* 


TAPPI - T527 


-0.16 


0.04 


Color b* 


TAPPI - T527 


0.06 


0.47 


Brightness 


TAPPI - T525 


82.04 % 


81.9 % 



It is evident from these results that a paper sheet 
containing 5 percent, by weight, of the recycled material 
that includes synthetic fibers has physical properties 
essentially similar to the virgin pulp sheet. Importantly, 
the added recycled fibers did not detrimentally affect the 
paper making process stability and efficiency. 
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EXAMPLE 3 

In this example, the starting material was a bonded web 
of meltblown polypropylene fibers available from Kimberly- 
Clark Corporation under the trade designation Kimtex® wiper. 
5 This material contained 100 percent meltblown polypropylene 
fibers and was shredded into pieces ranging from 10 - 30 mm 
in length and 5 - 20mm in width. These pieces were 
transferred to a pulping process in a Hollander-type 
laboratory beater (Ross Paper Machinery Company, Newark, NJ - 
10 Model RPM 15) . Hydraulic pressure and mechanical shear stress 
were applied in two stages. 

Hydraulic pressure and shear stress was produced by the 
pumping action created by the rotor forcing the wet material 
against the fixed blades. The rotor roll was approximately 7 
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fy 15 5/8 inch (-19.4 cm) in diameter. The working face of the roll 
l was 6 inches (-15.4 cm) in width with thirty-two bars 3/16 

p inch (-4.8 mm) thick. The bedplate contained seven bars 1/8 

inch (-3.2 mm) thick, spaced 3/32 inch (-2.4 mm) apart to 
form a 5 degree "V" at the center of the bedplate. 
^20 In stage one the weight or load applied to the rotor was 

O set at 0 kg for 12 minutes, consistency was set to 1%, and a 

defoaming agent was added to control foam generation. During 
the first stage, the shredded material was wetted to achieve 
free flow of the material through the rotating roll and 
25 bedplate. During the second stage, the weight or load on the 
rotating roll was increased first to 5.2 kg for 23 minutes 
and then to 2.8 kg for 85 minutes. Conditions during the 
second stage produced small zones of very high pressure 
between the blades on the rotating roll and the bedplate to 
30 create a micro-bursting action on the shredded synthetic 
fiber bundles to blow apart and reduce the resulting 
synthetic fiber length. With these process conditions the 
resulting fibers have the following characteristics: 

35 o The fibers obtained consist of a mixture of some 

individual fibers, fiber bundles, small segments that 
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still have bond points, curls, open layers of fibers, and 
flat areas. 

• Average length of the synthetic fibers and fiber bundles 
was 2.84 mm. The lengths ranged from 0.6 to 6.1 mm. 

The recycled meltblown fibers were blended with a mixture of 
60 percent, by weight, hardwood kraft pulp (eucalyptus) and 
40 percent, by weight, softwood kraft pulp (radiata pine) at 
a level of 5% by dry weight. This furnish was formed into a 
wet sheet having a basis weight of 90 gsm in a conventional 
laboratory handsheet former, then pressed in a laboratory 
press and finally dried. The resulting product was compared 
to a control material prepared under the same conditions 
using the same virgin pulp materials but with no added 
recycled materials. These results are shown in Table 2 
below : 



TABLE 2 



PROPERTIES 


Test 
Method 


Handsheet 
Without 
Recycled 
Material 
(CONTROL) 


Handsheet 
With 5% 
Recycled 
Material 


Basis Wt 


TAPPI - 
T410 


90 . 4gsm 


90.0 gsm 


Size, Hercules Size 
Tester 


TAPPI - 
T530 


4 s 


11 s 


Tensile 


TAPPI - 
T494 


6082 
g/15mm 


4957 g/15mm 


Elongation 


TAPPI - 
T404 


0.6% 


0.6 % 


Bursting strength 


TAPPI - 
T403 


44 psi 


31 psi 


Dry Tear 


TAPPI - 
T414 


25 g 


25 g 


Folding endurance 


TAPPI - 
T511 


97 cycles 


34 cycles 



Even though the paper sheet incorporating recycled 
meltblown fibers exhibits lower levels of some mechanical 
properties in comparison to the control material, the paper 
sheet containing recycled fibers is still considered to have 
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generally good physical characteristics and is suitable for 
writing papers and other types of papers. 

While the invention has been described in detail with 
respect to specific embodiments thereof, it will be 
appreciated that those skilled in the art, upon attaining an 
understanding of the foregoing may readily conceive of 
alterations to, variations of and equivalents to these 
embodiments. Accordingly, the scope of the present invention 
should be assessed as that of the appended claims and any 
equivalents thereto . 
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